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Abstract
We conduct a study of the interaction of the K¯Ξ∗, ηΩ(s-wave) and K¯Ξ(d-wave) channels within
a coupled channel unitary approach where the transition potential between the K¯Ξ∗ and ηΩ
channels is obtained from chiral Lagrangians. The transition potential between K¯Ξ∗, ηΩ and K¯Ξ
is taken in terms of free parameters, which together with a cut off to regularize the meson-baryon
loops are fitted to the Ω(2012) data. We find that all data including the recent Belle experiment
on ΓΩ∗→piK¯Ξ/ΓΩ∗→K¯Ξ, are compatible with the molecular picture stemming from meson baryon
interaction of these channels.
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I. INTRODUCTION
The discovery of the Ω(2012) state by the Belle collaboration [1] prompted much
theoretical work on the issue, with pictures inspired by quark models and also molecular
pictures based on the meson-baryon interaction. Ω excited states appear naturally in
different versions of quark models, nonrelativistic quark models [2–7], relativistic quark
models [8–10]. Different QCD based approaches have also been used to get spectra, as
QCD sum rules [11, 12], the Skyrme model [13], large Nc considerations [14] and lattice
QCD calculations [15]. Methods based on symmetries, as SU(3) [16], and the algebraic
method [17] have also contributed to this topic. In those models the Ω(2012) approximately
fits as a JP = 3/2− state, yet there is a dispersion of the results for the masses for this state
that ranges from 1978 MeV in Ref. [13] to 2049 MeV in Ref. [15]. In addition, models that
incorporate five quark components reduce the mass of the state in about 200 MeV [4, 5, 18].
Some low lying 3/2− states are also obtained as molecular states from the interaction
of pseudoscalar mesons and ground state baryons of (3/2+) [19–21]. Concretely, for the
generation of the Ω(2012) state the interacting channels are K¯Ξ∗ and ηΩ, and the interaction
is obtained from chiral Lagrangians unitarizing in coupled channels. The interaction in this
case is peculiar since the diagonal potential of the two channels is null, and only the transition
potential between these two channels is non zero. This has as a consequence that the mass
of the generated bound Ω state depends more strongly on the parameters of the model than
in other ordinary molecular states. In this sense the data of Ref. [1] was most welcome
since it provides the information needed to tune the parameters of the theory and come
out with more accurate predictions. Thus, after the Belle experiment reported the Ω(2012)
state, some works were devoted to trying to understand the nature of this state. In this
sense, in Ref. [22] the two channels K¯Ξ∗ and ηΩ were considered with the input of the chiral
Lagrangians, and the parameters of the model, related to the form factors that regularize
the meson baryon loops, were tuned to the experiment. The K¯Ξ∗ channel is bound by about
11 MeV, but due to the Ξ∗(1530) width there is a decay into K¯πΞ. In addition, a model
is made for the K¯Ξ∗ → K¯Ξ transition and it is concluded that the Ω(2012) width comes
approximately with the same strength from the K¯πΞ and K¯Ξ decay channels. In Ref. [23]
the Ω(2012) state is supposed to be a K¯Ξ∗ bound state and the coupling of the state to the
K¯Ξ∗ channel is obtained using the Weinberg compositeness condition [24–27]. The transition
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from this state to the K¯Ξ channel is evaluated by means of a triangle diagram that involves
vector exchange, and the strength of the transition is small, such that practically all the
decay of the Ω(2012) state goes to K¯πΞ. Actually, vector exchange through this mechanism
was found to be dynamically very suppressed in Refs. [28] and [29]. In Refs. [28] and [29] the
chiral unitary approach was used, and in Ref. [28] the transition K¯Ξ∗ → K¯Ξ is evaluated
by means of a triangle diagram that involves baryon exchange. By the contrary, in Ref. [29],
given the difficulty to evaluate the K¯Ξ∗ → K¯Ξ transition, which proceeds in d-wave, the
matrix elements for K¯Ξ∗ → K¯Ξ and ηΩ→ K¯Ξ transitions are parametrized and fit to the
data. In addition, the coupled channels were extended to include explicitly the K¯Ξ channel.
In both cases a qualitative agreement with the data was found. In Ref. [29] some fits to the
mass and width of the Ω(2012) state were done and the partial decay widths to K¯πΞ, K¯Ξ
were found to be of similar strength, with the K¯Ξ decay channel dominant.
This was the situation until the Belle collaboration presented the results from an
experiment [30] that showed that the ratio of the K¯πΞ width to the K¯Ξ width is smaller than
11.9%. This paper concludes “Our result strongly disfavors the molecular interpretation of
Ref. [23] and is in tension with the predictions of Refs. [16, 22, 28, 29], also based on
molecular interpretations”.
There has already been a feedback to this work and in Ref. [31] the authors redo the
analysis of Ref. [23] concluding that the new data favor a molecular K¯Ξ∗ state but in p-wave
rather than s-wave. In Ref. [32] a nonrelativistic quark model is used and the Ω(2012) state
is identified with a 3/2− (12P3/2) state. The strong decay width is also evaluated and a
width of 5.6 MeV is obtained in the K¯Ξ channel and zero in the K¯Ξ∗ one. In Ref. [33] the
molecular picture is retaken using the Weinberg compositeness condition, but contrary to
Ref. [23], the molecule is considered not from the K¯Ξ∗ state but from a coherent mixture
of K¯Ξ∗ and ηΩ. The work shares with Ref. [29] and the present work the relevance of
the ηΩ component to stabilize the molecular state. With large uncertainties, depending on
the parameters used, they find widths of the order of magnitude of the experiment, where
the K¯Ξ decay channel is dominant, but the K¯πΞ decay channel has also a relatively large
strength and a ratio of this decay width to the K¯Ξ width smaller than 12% is not easy to
get, although possible within theoretical uncertainties. The conclusion of the work is that
“The prediction given here can hopefully support a possible structure interpretation of the
Ω(2012)”.
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There is, however, a detail that has passed unnoticed in the former works and this is the
cut made in Ref. [30] to conclude that the detected K¯πΞ state comes from K¯Ξ∗. For this
purpose a cut is made in the invariant mass of πΞ, demanding
1.49 GeV < Minv(πΞ) < 1.53 GeV (1)
This cut was not implemented in Refs. [22, 28, 29], hence a proper comparison demands
to redo the calculations implementing this cut. On the other hand the new information of
Ref. [30] is very valuable to further pin down the unknown parameters of the theory. With
this double perspective we take the task to reanalyze the work of Ref. [29] in order to see to
which extend the data rule out the molecular picture or not. Anticipating the results, we
find that the results are compatible with the molecular picture in coupled channels, but in
passing we will learn more about the role played by the ηΩ channel in this problem.
II. FORMALISM
We follow the steps of Ref. [29] and take the coupled channels K¯Ξ∗, ηΩ, K¯Ξ. The first two
channels are in s-wave and the latter one in d-wave. The 3× 3 scattering matrix calculated
with the Bethe Salpeter equation is given by
T = [1− V G]−1 V, (2)
where the transition potential is given by
V =
K¯Ξ∗ ηΩ K¯Ξ

0 3F αq2on
3F 0 βq2on
αq2on βq
2
on 0


K¯Ξ∗
ηΩ
K¯Ξ
(3)
with
F = − 1
4f 2
(k0 + k′0); qon =
λ1/2
(
s,m2
K¯
, m2Ξ
)
2
√
s
, (4)
with f = 93 MeV, the pion decay constant, and k0, k′0 the energies of initial and final
mesons, respectively. In Eq. (3) the transition potentials between K¯Ξ∗ and ηΩ are taken
from the chiral Lagrangians [20], while the transition potential between K¯Ξ and K¯Ξ∗ or
ηΩ, which proceed in d-wave, are taken in terms of the free parameters α, β. The potential
4
of Eq. (3) should have q2, instead of q2on, when it is used inside loops, but technically it is
more practical to include this dependence in the meson baryon loop function G of Eq. (2),
which is given by
G(
√
s) =


GK¯Ξ∗(
√
s) 0 0
0 GηΩ(
√
s) 0
0 0 GK¯Ξ(
√
s)

 , (5)
where
Gi(
√
s) =
∫
|q|<qmax
d3q
(2π)3
1
2ωi(q)
Mi
Ei(q)
1√
s− ωi(q)−Ei(q) + iǫ , (6)
for i = K¯Ξ∗, ηΩ, with ωi(q) =
√
m2i + q
2, Ei(q) =
√
M2i + q
2 and mi, Mi the meson and
baryon masses of the i channels. For the d-wave channel, K¯Ξ, the G function is then given
by
GK¯Ξ(
√
s) =
∫
|q|<q′max
d3q
(2π)3
(q/qon)
4
2ωK¯(q)
MΞ
EΞ(q)
1√
s− ωK¯(q)− EΞ(q) + iǫ
, (7)
In Eqs.(6)(7), qmax, q
′
max are the cut off to regularize the loop functions. We take them
equal, around 700 MeV and do the fine tuning of this parameter to the experimental data.
The K¯Ξ channel is a weak channel in the interaction, but provides the main source for the
decay. Due to this, the diagonal K¯Ξ→ K¯Ξ transition is taken zero as in Ref. [29].
The mixing of s-waves and d-waves is not common in works of the chiral unitary approach,
where only s-wave channels are normally used, but it is not new. Note that since the d-wave
only appears in the transition from s-wave to d-wave in a loop of K¯Ξ connected to two
external s-wave channels the d-wave of the two vertices gives rise to an s-wave upon the q
integration, producing an additional contribution to the s-wave transition between the K¯Ξ∗
or ηΩ states. This formalism was already used in the study of the Λ(1520) in Refs. [34, 35],
where the πΣ∗ and KΞ∗ channels are in s-wave and the K¯N and πΣ in d-wave. In Ref. [34],
the Λ(1520) → π0π0Λ reaction was studied with this formalism and good agreement with
data was obtained. Similarly, in Ref. [35] the K−p→ Λππ, γp→ K+K−p, γp→ K+π0π0Λ
and π−p → K0K−p reactions were studied with this formalism and again a fair agreement
with data was found. The formalism was also used to study the radiative decay of the
Λ(1520) to γΣ and γΛ in Ref.[36], where a discussion on possible other components was
made.
Since we are close to the K¯Ξ∗ threshold, it is important to take into account the mass
distribution of the Ξ∗, due to its width for Ξ∗ → πΞ decay, and the GK¯Ξ∗ is convolved
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FIG. 1. GK¯Ξ∗ function accounting for the Ξ
∗ → piΞ decay width.
with the Ξ∗ mass distribution (see technical details in Ref. [29]). It is interesting to note
that by doing this, one is including the new diagram of Fig. 1 in the GK¯Ξ∗ function, as a
consequence of which, GK¯Ξ∗ gets an imaginary part when the K¯πΞ state is placed on shell
in the loop, in other words, now one is accounting for the Ω(2012) → πK¯Ξ decay in the
coupled channels approach. Comparison of the Ω(2012) with convolution, which accounts
for K¯Ξ and πK¯Ξ decays, and without convolution, which accounts only for the K¯Ξ decay,
gives us one estimate of the Ω(2012) decay width into the K¯Ξ∗ → K¯πΞ decay channel, the
one measured in Ref. [30].
The couplings gi of the resonance Ω(2012) to the different channels are obtained from the
residue of the T -matrix of the pole in the second Riemann sheet (see Ref. [29] for details).
Close to the pole we have
Tij =
gigj
z − zR (z, complex energy; zR, complex pole position), (8)
g2i = lim
z→zR
(z − zR)Tii; gj = giTij
Tii
|z=zR. (9)
We take the first of the former equations to determine g2
K¯Ξ∗
and gK¯Ξ∗ has then an arbitrary
sign but the second equation of Eq. (9) allows to get the relative sign of the others couplings
with respect to gK¯Ξ∗ .
The convolution of GK¯Ξ∗ introduces some changes, and if the state obtained is close to
the K¯Ξ∗ threshold the neat pole obtained without the convolution can give rise to a pole
distribution (a cut), as discussed in Ref. [37], in which case, in order to compare with the
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FIG. 2. Decay diagram of Ω(2012) into K¯Ξ∗, with Ξ∗ → piΞ.
empirical amplitude
Tii =
g2i√
s−MR + iΓ2
, (10)
we take the Tii matrix at its peak and get,
|gi|2 = Γ
2
√
|Tii|2max, (11)
and Γ is also obtained from the shape of |T |2, from
Γ
2
=
√
s−MR, (12)
for
√
s where |T |2(√s)/|T |2max is 1/2, with MR the value of
√
s at the peak of |T |2.
In order to evaluate the ratio of Γ(πK¯Ξ)/ΓK¯Ξ with the cuts of the experiment and
compare with the experimental data [30], we perform the explicit calculation of the process
depicted in Fig. 2
In order to evaluate the amplitude for the process of Fig. 2 we need the coupling Ω→ K¯Ξ∗,
which is evaluated above, and the Ξ∗ → πΞ coupling. It suffices to consider that this is a
p-wave coupling, proportional to p˜pi in the Ξ
∗ rest frame, and then we have
tΩ,piK¯Ξ = gΩ,K¯Ξ∗
1
Minv(πΞ)−MΞ∗ + iΓΞ∗2
gΞ∗,piΞ p˜pi, (13)
with
p˜pi =
λ1/2 (M2inv(πΞ), m
2
pi,M
2
Ξ)
2Minv(πΞ)
, (14)
with gΞ∗,piΞ given in terms of ΓΞ∗ via
ΓΞ∗ =
1
2π
MΞ
MΞ∗
g2Ξ∗,piΞ p˜
3
pi, (15)
taking ΓΞ∗,on = 9.1± 0.5 MeV [38]. Then we have for the πΞ mass distribution
dΓΩ
dMinv(πΞ)
=
1
(2π)3
2MΞ 2MΩ(2012)
4M2Ω(2012)
pK¯ p˜pi|tΩ,piK¯Ξ|2, (16)
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with
pK¯ =
λ1/2(M2Ω(2012), m
2
K¯
,M2inv(πΞ))
2MΩ(2012)
. (17)
The way to evaluate the width for πK¯Ξ decay described above is new with respect to the
one used in Ref. [29], which was based on the comparison of the Ω(2012) widths with and
without convolution of the K¯Ξ∗ channel. Here we will compare both methods, but the new
one is needed to implement the cuts of the experiment of Ref. [30]. There is also another
novelty with respect to Ref. [29], since both in the convolution of GK¯Ξ∗ and in the evaluation
of dΓΩ/dMinv(πΞ) of Eq. (16) we take the Ξ
∗ width energy dependent. This is, we take
ΓΞ∗ = ΓΞ∗,on
p˜3pi
p˜3pi,on
θ(Minv(πΞ)−mpi −MΞ), (18)
with p˜pi, p˜pi,on given by Eq. (14) with Minv(πΞ) for p˜pi and Minv(πΞ) = MΞ∗ for p˜pi,on. By
using explicitly Eq. (15) we avoid having to evaluate gΞ∗,piΞ and we directly obtain
dΓΩ
dMinv(πΞ)
=
1
(2π)2
MΞ∗
MΩ(2012)
pK¯ g
2
Ω,K¯Ξ∗
ΓΞ∗∣∣Minv(πΞ)−MΞ∗ + iΓΞ∗2
∣∣2 . (19)
One can see that in the limit of ΓΞ∗ → 0, (Im(Minv(πΞ)−MΞ∗ + iΓΞ∗2 )−1 → −πδ(Minv(πΞ)−
MΞ∗)) one obtains the ordinary decay formula for Ω(2012) → K¯Ξ∗, indicating that the
normalization has been correctly taken into account.
III. RESULTS
We shall make a fit to the experimental data by varying the 3 parameters qmax, α, β. The
experimental data are
MΩ(2012) = 2012.4± 0.7± 0.6 MeV, (20)
ΓΩ(2012) = 6.4
+2.5
−2.0 ± 1.6 MeV, (21)
ΓΩ(πK¯Ξ)
ΓΩ,K¯Ξ
< 11.9 %. (22)
We find a reasonable compromise with the parameters
qmax = 704 MeV; α = 4.5× 10−8 MeV−3; β = 5.1× 10−8 MeV−3, (23)
with qmax a little smaller than in Ref. [29] (735 MeV) and the weight of β with respect
to α also bigger than in Ref. [29]. In Fig. 3, we show |T |2 for the diagonal K¯Ξ∗ channel
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FIG. 3. |T |2 for the diagonal K¯Ξ∗ channel with three options: (a) GK¯Ξ∗ without convolution; (b)
GK¯Ξ∗ with convolution and ΓΞ∗ fixed; (c) GK¯Ξ∗ with convolution and ΓΞ∗ energy dependent.
in three options; (a) with GK¯Ξ∗ no convolved, (b) with GK¯Ξ∗ convolved with ΓΞ∗ energy
independent fixed to the nominal Ξ∗ width (the option of Ref. [29]) and (c) ΓΞ∗ energy
dependent, Eq. (18), the present option.
We observe that options (a), (c) give a similar mass, but the mass of option (b) is a bit
displaced to lower values. We find (we refer by Ω∗ the Ω(2012) for simplicity),
(a) MΩ∗,non = 2012.4 MeV,
(b) MΩ∗,con(Eind) = 2011.0 MeV, (24)
(c) MΩ∗,con(Edep) = 2012.2 MeV.
From the value of
√
s at mid strength of |T |2, we find the widths
(a) ΓΩ∗,non = 7.6 MeV,
(b) ΓΩ∗,con(Eind) = 9.9 MeV, (25)
(c) ΓΩ∗,con(Edep) = 8.6 MeV.
The numbers for the mass and width for the case with energy dependent convolution are
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compatible with the experimental numbers within errors. From these, by taking
ΓΩ∗,con(Edep) − ΓΩ∗,non
ΓΩ∗,non
= 13.1 %, (26)
we can compare with the experimental ratio of Eq. (22). We see that the ratio obtained
is a bit larger than the 11.9 % experimental upper bound, but the cuts on Minv(πΞ) of
the experiment are not implemented there. We must comment that it is difficult to obtain
smaller ratios of Eq. (26) by changing the parameters, while still being in agreement with
the mass and width of the Ω∗ resonance. In any case, Eq. (26) improves the agreement with
data compared to the result in Ref. [29](around 90 %). It is interesting to see that the use of
the convolution with the energy dependent Ξ∗ width improved this ratio. Indeed, if we use
Eq. (26) with ΓΩ∗,con(Eind) the ratio becomes 30 %, which is bigger than before. The realistic
consideration of the Ξ∗ width of Eq. (18) is a factor that renders the fraction of Eq. (26)
smaller.
Next we look into the couplings. In the case of no convolution, we find the pole at
(a) MΩ∗(pole) = (2013.0, i4.6) MeV,
with a mass very similar to the one quoted above from the peak of |T |2, and the width,
2 ImMΩ∗ = 9.2 MeV, also close to the one quoted before. From the residues of Tij at
the pole, we obtain the couplings shown in Table I. There we also show the wave function
at the origin for the s-wave states, giGi, calculated at the peak [26], and the probability
of each channel −g2i ∂G∂√s . For a dynamically generated state,
∑
i
(−)g2i
∂G
∂
√
s
= 1, and in
the case of only bound channels, each term of this sum is the probability of the respective
channel [26]. In the present case, the real part of each term can approximately be considered
the probability of this channel for the closed ones.
Alternatively we can also obtain the width into the K¯Ξ channel using the formula,
Γ =
1
2π
MΞ
MΩ∗
g2K¯Ξ pK¯ , (27)
with pK¯ the K¯ momentum in the Ω
∗ rest frame, using the value of gi,conv of Table I, which
gives us 7.4 MeV, in agreement with the 7.6 MeV of ΓΩ∗,non of Eq. (25). Note that by using
Eq. (8) for all the channels, in the d-wave case the q2 factor is implicitly included in the
coupling g. We can see that the couplings obtained are very similar to those in Ref. [29], but
the strength of ηΩ and K¯Ξ are a bit bigger. We also can see that the strength of the wave
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TABLE I. Couplings gi, wave functions at the origin giGi(MeV), and probabilities −g2i ∂Gi∂√s obtained
from the pole. MΩ∗ = 2013.0 MeV. The couplings g˜i are obtained from |T |2 using Eq. (11). The
couplings gi,conv are obtained from |T |2 using Eq. (11) with the GK¯Ξ∗ convolved with the energy
dependent Ξ∗ width. In parenthesis, we write the threshold mass of each channel in MeV units.
K¯Ξ∗ (2027) ηΩ (2220) K¯Ξ (1812)
gi 2.03 − i0.15 2.93 − i0.16 −0.45 + i0.02
|g˜i| 1.91 2.76 0.42
|gi,conv| 1.89 2.73 0.42
wfi(giGi) −35.46 + i1.09 −23.78 + i1.07 −
−g2i ∂Gi∂√s 0.68 + i0.04 0.17 − i0.01 −
function at the origin, as well as the probability, dominates for the K¯Ξ∗ state. Since this is
the magnitude that enters the evaluation of short range observables, one can conclude that
the K¯Ξ∗ state is the dominant component in the Ω∗ wave function. Note, however, that the
inclusion of the ηΩ channel is what has made the appearance of the Ω∗ bound state possible
since the diagonal potential of the K¯Ξ∗ channel is null and hence cannot produce any bound
state by itself. As a consequence, it is not surprising that both the strength of the couplings
and the wave functions at the origin are of the same size. We also observe that the value of
the couplings extracted from the residues of the pole and those of |g˜i| from |T |2 via Eq. (11)
are quite similar.
Next we look into Eq. (19) and evaluate dΓΩ∗/dMinv(πΞ) through the mechanism of Fig. 2.
We show the results in Fig. 4. What we see in Fig. 4 is dΓΩ∗/dMinv(πΞ) using Eq. (19), with
the same coupling gK¯Ξ∗,con of Table I to facilitate the comparison, but taking ΓΞ∗ constant
(option (b)) and ΓΞ∗ energy dependent (option (c)). We observe that the strength in the
case of the energy dependent width is smaller than in the other cases, leading to a smaller
ΓΩ∗→piK¯Ξ width, in agreement with what was found in Eqs. (25) from the observation of the
shape of |T |2. If we integrate the mass distribution of option (c) over Minv(πΞ), with or
without the cut of Belle [30] of Eq. (1), we find
ΓΩ∗→piK¯Ξ = 1.10 MeV, (28)
ΓΩ∗→piK¯Ξ(cut) = 0.98 MeV. (29)
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FIG. 4. dΓΩ∗/dMinv(piΞ) of Eq. (19): (b) for the energy independent Ξ
∗ width, and (c) for the
energy dependent Ξ∗ width. The vertical line is the lower cut inMinv(piΞ) implemented in Ref. [30].
We observe that the value ΓΩ∗→piK¯Ξ from Eq. (28) is similar to the one obtained from
Eqs. (25) substituting ΓΩ∗,con(Edep)−ΓΩ∗,non = 1.00 MeV. The result obtained from Eq. (28)
should be considered more accurate. The next thing to consider is to see which is the effect
of the experimental cut of Ref. [30] to obtain the ratio of Eq. (22). We see that it leads
to about 10 % reduction. Finally, if we take ΓΩ∗→piK¯Ξ,(cut) from Eq. (29) and divide by the
width ΓΩ∗,non of Eqs. (25), we obtain
ΓΩ∗→piK¯Ξ(cut)
ΓΩ∗,non
= 12.9 %, (30)
in good agreement with the estimate of Eq. (26). This is the ratio that should be compared
with the experimental one, and, as we can see the ratio obtained is close to the experimental
boundary, but still a bit higher. We should emphasize that the K¯Ξ∗ is bound considering Ξ∗
as an elementary particle. It is only the width of the Ξ∗, and its related mass distribution,
what renders ΓΩ∗→piK¯Ξ finite, but given the small width of the Ξ
∗ one should expect small
values of this width, as is the case here. There are other examples of that in hadron physics.
Indeed, the Λ(1520) appears as a dynamically generated resonance from the πΣ∗, KΞ∗
channels in s-wave, but it mostly decays into K¯N , πΣ in d-wave [35].
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We should recall that with the molecular picture that we have studied, values of ΓΩ∗→piK¯Ξ
as we have obtained are unavoidable, and it is not possible to get smaller values while being
consistent with the mass and full width of the Ω∗. This is, however, using values of α, β of
the same sign. The global sign does not matter, however, things could be different assuming
a relative negative sign between α and β.1 In view of this, we take new values of α, β of
opposite sign and look again for acceptable solutions. It is possible to reduce the ratio of
Eq. (30) with many solutions, but not drastically. In view of this, we show the result with
just one set of parameters. Provided the experimental data are improved in the future, a
best fit to determine the optimal parameters would be most advisable.
We find a reasonable solution with
qmax = 735 MeV; α = −8.7× 10−8 MeV−3; β = 18.3× 10−8 MeV−3, (31)
and we summarize the result in analogy to what was done before in Eq. (25),
(a) ΓΩ∗,non = 7.3 MeV,
(c) ΓΩ∗,con(Edep) = 8.1 MeV,
MΩ∗ = 2012.7 MeV,
ΓΩ∗,con(Edep) − ΓΩ∗,non
ΓΩ∗,non
= 10.9 %, (32)
which is already in agreement with experiment. The couplings slightly change with respect
to those obtained before. They are summarized in Table II. If we use new |gi,conv| from
Table II for the K¯Ξ∗ channel and reevaluate Eq. (19), we get a ratio
ΓΩ∗→piK¯Ξ(cut)
ΓΩ∗,non
= 11 %, (33)
in agreement with Eq. (32) and experiment. We also see that the new solution gives a bit
more weight to the ηΩ component and a bit less to the K¯Ξ∗ one. Together, they tell us
that one has about 82 % probability between the K¯Ξ∗ and ηΩ bound channels, stressing
the molecular nature of the state.
Coming back to the work of Ref. [29], we summarize here the novelties of the present
work which make the results compatible with the new Belle experimental threshold. We
1 We thank J. J. Xie for calling our attention to this point.
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TABLE II. Same as Table I but with the parameters of Eq. (31).
K¯Ξ∗ (2027) ηΩ (2220) K¯Ξ (1812)
gi 1.86 − i0.02 3.52 − i0.46 −0.42 + i0.12
|g˜i| 1.75 3.36 0.41
|gi,conv| 1.72 3.30 0.41
wfi(giGi) −34.05 − i1.10 −30.66 + i3.67 −
−g2i ∂Gi∂√s 0.57 + i0.10 0.25 − i0.06 −
discussed that the consideration of the energy dependent width in the convolution of the
Ξ∗ was a factor that drastically changes the ratio of Eq. (22). On the other hand, the new
choice of parameters allows for solutions compatible with this observable and in particular,
the change of sign of the α and β parameters is also new with respect to Ref. [29] and helped
a bit improving the agreement with experiment. One might think that by obtaining this
solution we might have made the K¯Ξ∗ component much smaller, but, as seen in Table II,
this is not the case and this component is still the most important one in the resulting
state. We should not forget that without the K¯Ξ channel one can get a molecular state.
Indeed, if we remove this channel we get a bound state of the other two channels with a mass
MΩ∗,con(Edep) = 2012.5 MeV with a cut off qmax = 768 MeV. It has a width ΓΩ∗,con(Eind) =
1.2 MeV, which is fairly in agreement with the value of Eq. (28) and the subtraction of the
values (c) and (a) of Eq. (25). The introduction of the K¯Ξ channel introduces an extra
decay width but does not change qualitatively the nature of the state that one is obtaining.
We would like to discuss another issue at this point. The ηΩ channel is bound by about
200 MeV with respect to the Ω(2012), or equivalently about 200 MeV above the K¯Ξ∗
threshold. One may wonder whether one should not use higher order Lagrangians to deal
with this channel. The contribution from higher order Lagrangians, or possible counterterms
in effective theories, in the chiral unitary approach using lowest order Lagrangians is taken
into account by means of a cut off or a subtraction constant in the regulation of the loops,
which is finally fitted to some experimental value. We have used a same cut off for the K¯Ξ∗
and ηΩ channels. One may wonder if one should not use two different ones. In order to
exploit this freedom, but keeping within what is called natural size of the cut off in Ref. [39],
of the order of 1 GeV, we see what results we obtain by making moderate changes in the cut
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TABLE III. Same as Table I but with the parameters of Eq. (34).
K¯Ξ∗ (2027) ηΩ (2220) K¯Ξ (1812)
gi 1.79 + i0.02 3.79 − i0.53 −0.44 + i0.14
|g˜i| 1.68 3.60 0.43
|gi,conv| 1.65 3.56 0.43
wfi(giGi) −34.50 − i1.80 −31.25 + i3.96 −
−g2i ∂Gi∂√s 0.53 + i0.12 0.28 − i0.07 −
off for the ηΩ channel. Note that changes in the K¯Ξ channel are unnecessary, since a change
in the cut off can be approximately accounted for by a change in the α or β parameters.
We find an acceptable solution with the set of parameters
qmax = 775 MeV; qmax(ηΩ) = 710 MeV; α = −8.7×10−8 MeV−3; β = 18.3×10−8 MeV−3,
(34)
leading to
(a) ΓΩ∗,non = 7.7 MeV,
(c) ΓΩ∗,con(Edep) = 8.5 MeV,
MΩ∗ = 2012.7 MeV,
ΓΩ∗,con(Edep) − ΓΩ∗,non
ΓΩ∗,non
= 10.4 %. (35)
Another possible solution is given by
qmax = 735 MeV; qmax(ηΩ) = 750 MeV; α = −11.0×10−8 MeV−3; β = 20.0×10−8 MeV−3,
(36)
which leads to
(a) ΓΩ∗,non = 8.2 MeV,
(c) ΓΩ∗,con(Edep) = 9.1 MeV,
MΩ∗ = 2012.6 MeV,
ΓΩ∗,con(Edep) − ΓΩ∗,non
ΓΩ∗,non
= 10.9 %. (37)
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TABLE IV. Same as Table I but with the parameters of Eq. (36).
K¯Ξ∗ (2027) ηΩ (2220) K¯Ξ (1812)
gi 1.88 + i0.04 3.55 − i0.67 −0.42 + i0.22
|g˜i| 1.77 3.42 0.44
|gi,conv| 1.75 3.38 0.45
wfi(giGi) −34.37 − i2.42 −31.99 + i5.63 −
−g2i ∂Gi∂√s 0.57 + i0.16 0.26 − i0.09 −
We summarize the information obtained on couplings, wave functions and probabilities in
Tables III and IV.
These are just two possible solutions and one could find more, but the important
message is that, even accepting this new freedom, once the experimental constraints of
Eqs. (20),(21),(22) are imposed, the results on the couplings, the wave functions at the
origin and the probabilities of the closed channels are very stable, stressing the molecular
nature of the state. The differences between the results in Tables II,III,IV give us an idea
of the uncertainties that we have.
We can add further information to this respect. Simultaneously and independently, a
work on this issue was done in Ref. [40] using the same formalism as here and Ref. [29]. The
works are complementary in the information they provide, and share the same conclusions.
In Ref. [40] other uncertainties are investigated and different best fits are done to the data
to get the optimal parameters. The values of the parameters include the solutions that we
have reported but they explore a wider range. They keep qmax equal for all the channels
and they find that there is freedom choosing different values of qmax bigger than 720 MeV
and adjusting the α and β parameters to agree with the experimental data in each case.
Their results are summarized in Tables II and III of that reference. By varying qmax from
735 MeV to 900 Mev the masses are always 2012 MeV but the total widths change from
8.3 to 6.4 MeV, still within the experimental range. The values for R are also in the range
of 11–7 %. The conclusions of the paper are the same as ours: the data are compatible
with the molecular picture and the results are rather stable with different sets of parameters
within natural size. Future better precision of the experimental data will allow also to be
more refined in the fits and provide more precise output.
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IV. SUMMARY AND CONCLUSIONS
We have made a thorough study of the viability of the molecular picture for the Ω(2012)
state in view of the boundary found in the Belle experiment for the Ω∗ width going to πK¯Ξ,
as a signal of the K¯Ξ∗ component. The study is rather complete and contains the K¯Ξ∗, ηΩ
and K¯Ξ states as coupled channels in a unitary approach. The transition potential between
K¯Ξ∗ and ηΩ are taken from the chiral Lagrangians but the transition potentials from K¯Ξ∗,
ηΩ in s-wave to the K¯Ξ in d-wave are taken as free parameters. Together with a cut off
to regularize the loops, this provides three unknown magnitudes in the theory which are
fitted to the data to reproduce the mass, width and partial decay width of the Ω(2012) to
πK¯Ξ. We find an acceptable solution in terms of natural values for the parameters which
reproduce fairly well the experimental data. Here, the main conclusion is the compatibility
of the molecular picture with present data. Yet, we also observe that it is not possible to
obtain ratios of ΓΩ∗→piK¯Ξ/ΓΩ∗→K¯Ξ smaller than about 13 % without spoiling the agreement
with mass and width of the Ω∗(2010) if the α, β parameters are taken of the same sign. But
the ratio is improved for sets with α, β of opposite sign, leading to values compatible with
experiment. A more precise measurement, providing the ΓΩ∗→piK¯Ξ/ΓΩ∗→K¯Ξ ratio, or finding
a much stringent upper bound than the present one, will be determining to settle the issue
of the possible molecular picture for the Ω(2012) state. We should note that the molecular
structure of this state is rather peculiar, in the sense that it corresponds to mostly a K¯Ξ∗
bound state, however, it requires the interaction with the ηΩ channel to bind, while neither
the K¯Ξ∗ nor the ηΩ states would be bound by themselves.
V. ACKNOWLEDGEMENT
The work of N. I. was partly supported by JSPS Overseas Research Fellowships and
JSPS KAKENHI Grant Number JP19K14709. G. T. acknowledges the support of PASPA-
DGAPA, UNAM for a sabbatical leave. This work is partly supported by the Spanish
Ministerio de Economia y Competitividad and European FEDER funds under Contracts
No. FIS2017-84038-C2-1-P B and No. FIS2017-84038-C2-2-P B. This project has received
funding from the European Unions Horizon 2020 research and innovation programme under
17
grant agreement No 824093 for the **STRONG-2020 project.
[1] J. Yelton et al. [Belle Collaboration], Phys. Rev. Lett. 121, 052003 (2018).
[2] K. T. Chao, N. Isgur and G. Karl, Phys. Rev. D 23, 155 (1981).
[3] Y. Chen and B. Q. Ma, Nucl. Phys. A 831, 1 (2009)
[4] C. S. An, B. C. Metsch and B. S. Zou, Phys. Rev. C 87, 065207 (2013)
[5] C. S. An and B. S. Zou, Phys. Rev. C 89, 055209 (2014).
[6] C. Hayne and N. Isgur, Phys. Rev. D 25, 1944 (1982).
[7] M. Pervin and W. Roberts, Phys. Rev. C 77, 025202 (2008).
[8] S. Capstick and N. Isgur, Phys. Rev. D 34, 2809 (1986) [AIP Conf. Proc. 132, 267 (1985)].
[9] U. Lo¨ring, B. C. Metsch and H. R. Petry, Eur. Phys. J. A 10, 447 (2001).
[10] R. N. Faustov and V. O. Galkin, Phys. Rev. D 92, 054005 (2015).
[11] T. M. Aliev, K. Azizi, Y. Sarac and H. Sundu, Phys. Rev. D 98, 014031 (2018).
[12] T. M. Aliev, K. Azizi, Y. Sarac and H. Sundu, Eur. Phys. J. C 78, 894 (2018).
[13] Y. Oh, Phys. Rev. D 75, 074002 (2007).
[14] J. L. Goity, C. Schat and N. N. Scoccola, Phys. Lett. B 564, 83 (2003).
[15] G. P. Engel et al. [BGR Collaboration], Phys. Rev. D 87, 074504 (2013).
[16] M. V. Polyakov, H. D. Son, B. D. Sun and A. Tandogan, Phys. Lett. B 792, 315 (2019).
[17] R. Bijker, F. Iachello and A. Leviatan, Annals Phys. 284, 89 (2000).
[18] S. G. Yuan, C. S. An, K. W. Wei, B. S. Zou and H. S. Xu, Phys. Rev. C 87, 025205 (2013).
[19] E. E. Kolomeitsev and M. F. M. Lutz, Phys. Lett. B 585, 243 (2004).
[20] S. Sarkar, E. Oset and M. J. Vicente Vacas, Nucl. Phys. A 750, 294 (2005), Erratum: [Nucl.
Phys. A 780, 90 (2006)].
[21] S. Q. Xu, J. J. Xie, X. R. Chen and D. J. Jia, Commun. Theor. Phys. 65, 53 (2016).
[22] M. P. Valderrama, Phys. Rev. D 98, 054009 (2018).
[23] Y. H. Lin and B. S. Zou, Phys. Rev. D 98, 056013 (2018).
[24] S. Weinberg, Phys. Rev. 130, 776 (1963).
[25] V. Baru, J. Haidenbauer, C. Hanhart, Y. Kalashnikova and A. E. Kudryavtsev, Phys. Lett.
B 586, 53 (2004).
[26] D. Gamermann, J. Nieves, E. Oset and E. Ruiz Arriola, Phys. Rev. D 81, 014029 (2010).
18
[27] A. Faessler, T. Gutsche, V. E. Lyubovitskij and Y. L. Ma, Phys. Rev. D 76, 014005 (2007).
[28] Y. Huang, M. Z. Liu, J. X. Lu, J. J. Xie and L. S. Geng, Phys. Rev. D 98, 076012 (2018).
[29] R. Pavao and E. Oset, Eur. Phys. J. C 78, 857 (2018).
[30] S. Jia et al. [Belle Collaboration], Phys. Rev. D 100, 032006 (2019).
[31] Y. H. Lin, F. Wang and B. S. Zou, arXiv:1910.13919 [hep-ph].
[32] M. S. Liu, K. L. Wang, Q. F. L and X. H. Zhong, Phys. Rev. D 101, 016002 (2020).
[33] T. Gutsche and V. E. Lyubovitskij, arXiv:1912.10894 [hep-ph].
[34] S. Sarkar, E. Oset and M. J. Vicente Vacas, Phys. Rev. C 72, 015206 (2005).
[35] L. Roca, S. Sarkar, V. K. Magas and E. Oset, Phys. Rev. C 73, 045208 (2006).
[36] M. Doring, E. Oset and S. Sarkar, Phys. Rev. C 74, 065204 (2006).
[37] E. J. Garzon and E. Oset, Eur. Phys. J. A 48, 5 (2012).
[38] M. Tanabashi et al. [Particle Data Group], Phys. Rev. D 98, 030001 (2018).
[39] J. Oller and U. G. Meissner, Phys. Lett. B 500, 263 (2001).
[40] J. Lu, C. Zeng, E. Wang, J. Xie and L. Geng, arXiv:2003.07588 [hep-ph], Eur. Phys. J. C, in
print.
19
